. Of the patients with low-risk CAP, only four patients (1.6%; 95% confidence interval, 0.4 to 4.0%) died during hospitalization. Low-risk CAP was both costly and accounted for significant resource use (35.4% of total CAP costs, and 45% of all CAP bed days). Of the patients with low-risk CAP, there were 138 patients (55%) who could potentially have been treated as outpatients (absence of altered mental status, hypotension, hypoxia on hospital admission, or direct ICU admission). However, 49% of these patients had a history of alcoholism, 20% had a blood alcohol level > 50 mg/dL, and 44% were homeless. Conclusions: A significant proportion of the patients admitted with CAP to a public hospital had low-risk CAP and accounted for a significant proportion of the CAP bed days and costs. The use of the PSI accurately predicted which patients would be at low risk for death; however, the utility of using the PSI to reduce low-risk CAP hospital admissions would have been of limited benefit. High rates of homelessness, substance abuse, and medical needs not captured in the PSI would preclude many of these patients from unsupervised outpatient treatment.
C ommunity-acquired pneumonia (CAP) is a disease that accounts for enormous morbidity and cost in the United States, with an estimated 4 million cases annually and 1 million acute-care hospitalizations at an estimated annual cost Ͼ 8 billion dollars annually. 1, 2 Several studies 3, 4 have documented significant differences in hospital admission rates and length of stay (LOS) for patients with CAP. Despite substantial interhospital variations in LOS for patients with CAP, the risk of adverse outcomes includ-ing death, readmission, and delayed return to usual activities or work was not different at hospitals with shorter LOS compared with those with longer LOS. 5 Such evidence supports the premise that LOS can be reduced for patients with CAP in those hospitals with longer LOS without adversely affecting clinical outcomes.
In order to safely shift CAP management to the outpatient setting and achieve cost savings, clinicians need a way to identify patients with a good prognosis
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who are likely to do well with outpatient treatment. Early attempts to define prognostic factors in CAP identified numerous predictive variables but no clinically useful rule. 6 Fine and colleagues 7 provided the first CAP outcome prediction rule with potential clinical utility. This rule was derived and validated in thousands of patients in the Pneumonia Patient Outcomes Research Team cohort study and was able to identify CAP patients with a low-risk of death in the first 30 days after diagnosis (0.1 to 2.8% in pneumonia severity index [PSI] class I to III). The recent American Thoracic Society CAP guidelines endorse the use of the PSI, but felt that the admission decision remains an "art of medicine" decision. 8 However, the PSI has been fully adopted by the Infectious Diseases Society of America in their CAP guidelines, and has been prospectively evaluated as an admission decision tool by Bartlett et al 9 and Marrie and colleagues. 10 In their study, Marrie and colleagues 10 showed that the use of a critical pathway that included the PSI was able to reduce the hospital admission of patients with low-risk CAP by 18% and significantly reduce inpatient bed days per patient. 10 Although the PSI is accurate at predicting the outcomes of a group of patients, other factors enter the decision of whether to admit an individual patient with CAP. Physicians' prediction of the risk of death is highly variable and generally exceeds the estimate of the PSI in low-risk patients. 11 This implies either that physicians are overly cautious in their assessment, or that their clinical intuition identifies risk factors for poor outcome that are not considered in the PSI. A few of the clinically recognized factors that may be used to select which patients should be admitted are multilobar involvement, arterial hypoxia, comorbid illnesses, and poor clinical appearance. 12 The ability of a patient to receive oral liquids and medications and the patient's mental status may also be critical factors that influence admission decisions. 11 Concerns about other diagnoses including tuberculosis and endocarditis may lead clinicians to admit otherwise low-risk patients. For public hospitals that care for a population with a large proportion of homeless patients and patients with substance abuse problems, patient reliability and adequacy of home support may be the primary reasons for admission. The costs and resources used by low-risk patients with CAP at public hospitals are unknown.
For these reasons, we studied patients with lowrisk CAP admitted to an urban public hospital to describe the population and to assess the appropriateness of the PSI in making admission decisions in this population. We identified factors that may have led to admission of low-risk patients, and determined the costs of caring for these patients in the hospital.
Materials and Methods

Sample
Harborview Medical Center is a 351-bed, urban, municipalcounty teaching hospital in Seattle, King County, WA, affiliated with the University of Washington, serving an urban population of 1.5 million people. The design was a prospective cohort study. All admissions between June 1, 1994 and May 30, 1996 were prospectively screened for possible cases of CAP by checking the hospital admissions log daily for adult patients with diagnoses of pneumonia, asthma, congestive heart failure, sepsis, hypoxia, fever, tuberculosis, or empyema. All patients with one of the screening diagnoses were then assessed for study inclusion by determining whether they met accepted CAP case definition criteria 13, 14 : a new infiltrate on a chest radiograph made within 24 h of hospital admission, plus confirmatory clinical features including either at least one major criterion (cough, sputum production, fever Ͼ 37.9°C, or hypothermia Ͻ 35.0°C) or at least two minor criteria (pleuritic chest pain, dyspnea, altered mental status, abnormal chest examination findings, leukocytosis [WBC Ͼ 12,000/mL], or left shift [Ͼ 10% band forms]). This cohort, along with the etiologies of CAP in this patient population, has been previously reported. 15 PSI was calculated using methods described by Fine and colleagues 7 ; at the time of study enrollment, the PSI had not been published nor widely disseminated.
This cohort included patients from skilled nursing facilities, patients who had already received antibiotic therapy, and patients with suspected opportunistic infection, tuberculosis, or cancer as long as they met the entry criteria. Patients were excluded if they were Ͻ 18 years old, were transferred from another hospital, were hospitalized within 7 days prior to the index admission, were admitted for terminal care, or if they refused to give consent. For this analysis, we excluded patients with known HIV disease at the time of hospital admission who would not be eligible for triage by the PSI. Informed consent was obtained from all patients subjected to study procedures, and the University of Washington Human Subjects Committee approved all study protocols.
Clinical Evaluation
Clinical information was obtained either directly from the subjects or from the medical record. The etiologic cause of pneumonia was defined by criteria adapted from the report by Fang and colleagues 14 and reported by Park and colleagues. 15 All study data were collected on a standardized data form identified only by study subject number, then double-entered into a computerized relational database and verified for accuracy. Discrepancies were reconciled by repeat examination of the primary record. Diagnoses of alcoholism and prior medical problems were made by patient reports or clinician chart notations. IV drug use was defined as any use within the prior 6 months of IV stimulant or sedative/hypnotic agents.
We then applied criteria very similar to the modified version of the Appropriateness Evaluation Protocol (AEP), which was used in an analysis of hospital admission decisions at Massachusetts General Hospital to decide which low-risk patients might have been admitted appropriately for medical reasons. 12, 16 These criteria included altered mental status on hospital admission, hypoxia (defined as oxygen saturation Ͻ 90% on room air or a partial pressure of oxygen from an arterial blood gas Ͻ 60 mm Hg on room air), hypotension (defined as systolic BP Ͻ 90 mm Hg, pressor use, or volume resuscitation), or direct ICU admission. We then identified a subset of low-risk patients who lacked these criteria and potentially could have been managed as outpatients.
Cost Assessment
Hospital charges were obtained from a hospital database and then converted into costs using cost-to-charge ratios for Medicaid reimbursement. All costs were then adjusted for inflation to 2002 dollars using the consumer price index. The perspective taken for this cost assessment was that of the payer. Hospital costs did not include physician service fees or the costs of outpatient antibiotic regimens.
Data Analysis
For descriptive statistics, we used means, SDs, medians, and interquartile ranges. Confidence intervals (CIs) are given for proportions; when the sample size/proportion was Ͻ 5, the CIs were based on the binomial distribution rather than a normal distribution. For comparisons between groups, the 2 or Fisher exact test was used for categorical variables. Odds ratios (ORs) with 95% CIs derived from univariate logistic regression were used in describing differences in specific subgroup characteristics. The small fraction of patients enrolled more than once (5%) was treated as independent when describing the cohort. However, in comparisons between groups within the cohort, only the first hospital admission was evaluated. A two-tailed p Ͻ 0.05 was considered significant. We used SAS 6.12 for Windows (SAS; Cary, NC) and STATA 6.0 software (Stata Corporation; College Station, TX).
Results
One thousand twelve patients had one of the screening diagnoses, representing 15% of medical service admissions. Of these, 275 patients were excluded because they did not meet the CAP definition, 74 patients were excluded based on other exclusion criteria (6 patients were too young, 63 Figure 1 . Diagram of patient population, showing screened population through study population of low-risk and high-risk CAP. A large number of eligible patients were not evaluated because they were discharged prior to possible enrollment (n ϭ 94). ER ϭ emergency department. patients had been recently hospitalized, and 5 patients were admitted for terminal care), and 47 patients declined to give consent. An additional 94 patients identified by screening were not enrolled because they were discharged before they could be evaluated by the investigators (none had an International Classifications of Diseases, Ninth Revision discharge diagnosis code indicating pneumonia). Thus, of the 616 adult patients with a screening diagnosis who met the CAP definition, 522 patients (85%) were enrolled (Fig 1) . Twenty-six patients (5%) were enrolled on more than one occasion and were counted as separate hospital admissions. In comparisons between groups, only the first hospital admission was used for the analysis. Of the 522 patients, 97 patients (19%) were known to be HIVpositive at the time of emergency department or clinic evaluation. These patients have been excluded from this analysis because the Fine classification system was never validated in this population. This left 425 CAP admissions involving 398 patients.
Low-Risk CAP
Of these 425 hospital admissions, 253 admissions (60%) were PSI class I-III (low risk) at the time of emergency department evaluation (Fig 1) . The demographic features of all patients with CAP and patients with low-risk CAP are given in Table 1 . Of the 253 low-risk CAP admissions, 76 patients (30%) were PSI class I, 89 patients (35%) were PSI class II, and 88 patients (35%) were PSI class III. The patients with low-risk CAP were relatively young with a median age of 41 years and were predomi- nantly male gender, with high proportions of ethnic and racial minorities. This population had a high proportion of uninsured and homeless patients.
Overall, this population also had high rates of alcoholism and other drug use. Comorbid diseases were also common in this population, with asthma and COPD being particularly prevalent. When comparing our population to that of Fine and colleagues 7 in the Pneumonia Patient Outcomes Research Team study inpatient validation cohort, our patients were younger and had much higher proportions of alcoholism and injection drug use (Table 1) . 7 Our population also had higher proportions of patients with low-risk CAP compared to the proportion of patients with low-risk CAP in both the derivation and inpatient validation cohorts for the PSI classifi-
4%) of the 425 patients died during the index hospitalization. The in-hospital mortality rates in each PSI classification are given in Table 2 . Of the patients with low-risk CAP, only four patients (1.6%; 95% CI, 0.4 to 4.0%) died during their hospitalization. This is similar to the 0.9% mortality rate in the inpatient validation cohort of Fine and colleagues 7 (PSI I-III) [p ϭ 0.37 comparing mortality rates from Fine and colleagues 7 and our population].
Of the 253 patients with low-risk CAP, 115 patients (45%) had at least one of the modified AEP criteria for hospital admission. Eighty-three patients (33%) were hypoxic on hospital admission, 5 patients (2%) were directly admitted to the ICU, 29 patients (11%) had altered mental status on hospital admission, and 23 patients (9%) were hypotensive on hospital admission. This left 138 patients (55% of low-risk CAP) who would have been potential candidates for outpatient management if the decision had been based on the AEP criteria. The characteristics of these patients are shown in Figure 2 . This subgroup had a median LOS of 4 days (interquartile range, 3 to 6 days) and accounted for 857 bed days. Despite having low-risk PSI scores and their lack of overt medical reasons for hospital admissions, these patients had many potentially valid reasons for admission that are especially prevalent in public hospi- Figure 2 . Characteristics of patients with low-risk CAP who do not have overt reasons for admission. R/O TB ϭ ruled out for tuberculosis on admission with serial sputums for acid-fast bacilli; R/O PCP ϭ ruled out for Pneumocystis carinii at admission with sputum induction or bronchoscopy; IVDA Fever ϭ recent IV drug use and fever on admission; Alcohol Ͼ 50 ϭ blood alcohol level Ͼ 50 mg/dL on admission; H/O alcohol ϭ history of alcoholism as determined by the admitting physician; Tox Pos ϭ urine toxicity screen positive for sedative hypnotic drugs or stimulants, in addition to methadone use and noninjection cocaine use; Vomit ϭ recent vomiting prior to admission; 3 or more ϭ three or more of the patient traits listed. tal patient population. Sixty-one patients (44%) were homeless, 46 patients (33%) were placed in respiratory isolation for suspected for tuberculosis, 10 patients (7%) had recent IV drug abuse and a fever concerning for endocarditis, and 28 patients (20%) had a blood alcohol level Ͼ 50 mg/dL. Realistically, only 20 patients (14% of potential outpatient CAP patients, 8% of all low-risk CAP) were appropriate candidates for management in an unsupervised outpatient setting. Thus, many of the low-risk patients in this cohort had both social and medical problems that necessitated hospital admission.
Factors Associated With Low-Risk Hospital Admissions
We also assessed which factors were associated with patients with low-risk CAP compared to patients with high-risk CAP using univariate logistic regression. Factors associated with being admitted with low-risk CAP compared to high-risk CAP were as follows: being homeless (OR, 1.90; 95% CI, 1.17 to 3.09); being African American or Hispanic compared to non-Hispanic white (OR, 1.68; 95% CI, 1.04 to 2.72; and OR, 6.72; 95% CI, 1.50 to 30.0, respectively); actively smoking at time of hospital admission (OR, 1.75; 95% CI, 1.10 to 2.78); marijuana use within 6 months of hospital admission (OR, 4.21; 95% CI, 1.42 to 12.52); positive toxicology screen for a stimulant on hospital admission (OR, 3.51; 95% CI, 1.04 to 11.84); and recent alcohol abuse in the last 6 months (OR, 2.00; 95% CI, 1.39 to 3.12). Patients who were nursing home residents (OR, 3.23; 95% CI, 1.63 to 6.39), had Medicare insurance (OR 4.27; 95% CI, 2.66 to 6.84), or were Ͼ 65 years old (OR, 3.51; 95% CI, 7.24 to 25.22) were more likely to be admitted with high-risk CAP, and patients who had a toxicology screen positive for a sedative hypnotic drug at the time of hospital admission were also associated with high-risk CAP (OR 5.09; 95% CI, 1.39 to 18.70). We found no association between gender or active IV drug use and admission for low-risk CAP compared to highrisk CAP.
Hospital Costs
The median and total costs, total bed days, and median LOS by PSI classification are given in Table  3 . Patients with low-risk CAP accounted for 45% of all CAP bed days, and 35.4% of total CAP costs. Interestingly, the median LOS was fairly similar between all three PSI categories within the patients with low-risk CAP (PSI I-III). Costs, however, were fairly well stratified by the PSI classification.
Comment
In this study, we found that low-risk CAP, as defined PSI classification I-III, accounted for 60% of the admissions for CAP at an urban public hospital, significantly higher than that found in other studies. While a growing body of evidence supports outpatient therapy for these patients, a majority of the low-risk CAP patients at an urban public hospital had social or other reasons that precluded ambulatory management, including homelessness, alcohol intoxication, and drug abuse. 9 Previous studies have not focused on the unique comorbidities and costs involved in caring for the urban poor with CAP. Only one retrospective chart review study 17 has assessed reasons for admission in low-risk CAP at two urban public hospitals in Toronto; this patient population was older than ours, with a very high rate of residents of long-term care facilities (39%). Our study is the first study to prospectively describe low-risk CAP in an urban-poor population. Our low-risk CAP population was predominantly male, young, homeless, and uninsured, with substance abuse problems, differing significantly from studies of low-risk CAP in the literature. 7, 10, [17] [18] [19] Such socioeconomic factors complicate the admission and discharge decisions for patients with CAP.
Although the Infectious Disease Society of America has published its recent guidelines for CAP advocating the use of the PSI classification system as a triage tool for hospital admission decisions, it remains unclear whether such a classification system would be useful in an urban public hospital setting. 9 In one study 19 of the implementation of a variation of the PSI at the Massachusetts General Hospital in Boston, the percentage of patients being treated as outpatients for CAP increased by 36%. Despite the use of this modified PSI, 43% of patients with PSI classification I-III were admitted. Of the patients who met screening criteria in the study, 70% were excluded, giving a biased assessment of the impact of such an intervention. More recently, Marrie and colleagues 10 studied the implementation of a critical pathway for CAP in Canada. In this study, 10 19 Canadian hospitals were randomly assigned to implement a critical pathway or to continue conventional practice. Part of this critical pathway included the use of the PSI prediction rule. The critical pathway was associated with an 18% decrease in admission rates for low-risk CAP (31% vs 49%, p ϭ 0.01) and a 1.7-day reduction in bed-days per patient managed. Concerns about the generalizability of the study of Marrie and colleagues 10 have revolved around the unusually long length of stay at the Canadian institutions when compared to the average LOS for CAP in the United States. 20 Studies like these may put increasing pressure on hospitals and medical centers to manage patients with low-risk CAP as outpatients. 21, 22 Our study points out the limitations of using the PSI risk stratification alone to direct medical decisions or to audit medical practice. The PSI did perform well in regards to risk of hospital mortality; however, use of the PSI to decrease low-risk CAP admissions would have had little impact given the pertinent comorbidities and psychosocial characteristics of this patient population. High rates of substance abuse, homelessness, and concerns over comorbid diagnoses, features not captured by the risk stratification, preclude unsupervised outpatient management in most patients seen at urban public hospitals. We found only 20 patients with low-risk CAP without hypoxia, hypotension, altered mental status, homelessness, recent IV drug abuse and fever, suspected tuberculosis or Pneumocystis carinii pneumonia, vomiting, hemoptysis, blood alcohol level Ͼ 50 mg/dL, or a positive toxicology screen (8% of low-risk CAP). A third party or government payer armed solely with the PSI risk stratification might conclude from an audit that our hospital provides inefficient care based on the high proportion of patients with low-risk CAP who are admitted for brief periods of time. Attempts to benchmark quality and efficiency of care for CAP patients using the PSI at hospitals that serve populations similar to Harborview Medical Center will yield misleading results unless the social and medical factors indicated in this study are accounted for. The PSI does not account for many relevant social and medical problems (homelessness, substance abuse) found in underserved populations that could justify hospital admission and delay hospital discharge.
Factors that influence the decision to admit a patient with CAP have, until recently, received relatively little attention in the literature. When the admission decision has been evaluated, the physician's triage decision has been found to revolve around the general clinical appearance of the patient and the patient reliability. 12 Sixty-one percent of the patients in the study of Fine and colleagues 12 evaluating the hospitalization decision did not have an obvious medical indication for admission using the modified version of the AEP. We found a similar percentage in our population, with 55% of the patients with low risk not meeting our modified AEP criteria. Older patient age and patient comorbidities have been associated with physician nonadherence to pneumonia guidelines for management for patients with low-risk CAP, but homelessness, lack of a telephone, or substance abuse problems have not been assessed. 18 We have shown that social and medical factors not accounted for in the PSI appeared to account for 47% of patients admitted with low-risk CAP at a public hospital whose mission is to care for the underserved. In fact, only 8% of patients with low-risk CAP in our study appeared to be good candidates for unsupervised outpatient treatment, despite the very high rate of low-risk CAP admitted for inpatient care.
The principal limitation of this study is that it represents a single institution study. This institution is a teaching hospital and may have unique reimbursement pressures and admitting policies that do not reflect the practice at other large public hospitals. However, the apparent reasons for admission for many of these patients with low-risk CAP do not fall out of the scope of standard practice. Also, because this particular population has not been well described in the literature, these data add to our understanding of CAP in populations with high rates of indigent patients. Another important limitation to this study is the fact that it was not designed to study the admission decision, and this rationale was not captured prospectively from the admitting physicians. We could only infer the reason for admission by presenting signs, symptoms, and previous medical history. We believe that this actually biases our analysis to underascertainment of social factors requiring admission because it is likely that social factors are less completely recorded than vital signs and medical conditions. Because this study did not formally evaluate the admission decision and the fact that the PSI had not yet been published, we could not capture the patients successfully treated for CAP in the outpatient setting. Finally, because this study enrolled patients from 1994 to 1996, secular trends 2154 in LOS, costs of care, and severity of illness may have changed and therefore our findings may not reflect the current health-care market.
The public health implications of understanding the admission decisions for low-risk CAP at public hospitals are significant. In 1998, there were 167 acute-care, publicly funded, nonfederal hospitals with Ͼ 200 beds in the United States that care for both medical and surgical adult patients, based on data from the American Hospitals Association. 23 These hospitals admitted 2,230,230 patients in 1998, caring for on average 40,048 patients per day. 23 Assuming that these hospitals have similar admission rates for low-risk CAP, one can anticipate increasing pressure to decrease the rate admission of low-risk CAP. In the age of medical cost containment, the pressure to cut costs is great. The medical profession needs to approach cost containment with great caution to ensure that less costly approaches are not less effective or safe. The medical community should be particularly sensitive to the effects of cost-containment procedures on our most vulnerable patient populations. Our data suggest that simple application of a scoring system like the PSI classification for CAP as a benchmark for efficient, quality care may be inappropriate at public hospitals where social and medical reasons for admissions in indigent populations complicate decision making.
